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PLATES  98  TO  IOO. 
In  presenting  this  report  it  is  realized  that  general  conclusions 
upon t~e nature of cancer ,based upon the observation of cells culti- 
vated under artificial condi,  tions  should be  formulated with hesita- 
tion.  It may be pointed out, however, that .our previous studies, as 
well as a part of the present investigation, were undertaken to show 
the similari,ty in the behavior of tumor cells in vitro and in vivo. 
A  series of compara.tive studies upon cancer cells and normal cells 
have been made in this laboratory during the past year.  The first 
report upon this  work dealt  with the  susceptibility to  heat of  sar- 
coma cells and connective tissue cells  (I).  The present report will 
be limited to a  consideration of the general character of growth in 
vitro of the same two tissues with special reference to cell division. 
GENERAL  CHARACTER  OF  GROWTH. 
Recent papers  on  the  subject  render unnecessary a  detailed  de- 
scription of the general phenomena of growth in tissue cultures and 
the  technique  of  the  method.  We  have  used  two  transplantable 
tumors as material for growing malignant tumor cells ; one a spindle 
cell sarcoma of the rat, the other a mixed cell sarcoma of the mouse. 
Normal connective tissue cells were grown chiefly from small pieces 
of blood vessel removed from growing or adult animals. 
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Primary cultures of cells from the two kinds of sarcoma and the 
blood vessel differ rather strikingly, though not fundamentally, as a 
brief description .of each will show.  A  piece of blood vessel placed 
in a hanging drop of plasma shows at the end of twenty-four hours 
few if any cell outgrowChs and forty-eight hours may elapse before 
activity is noted; but at the end of ~the third or fourth day a  fairly 
dense  halo  of  cells  is  seen  surrounding  the  tissue  fragment. 
Growth,  with slow radial extensi.on of the cells into t'he  coagulum, 
may con,  tinue for several days longer.  The cells are  for the most 
part  spindle  in  form,  with  long,  delicate  processes  at  either  ex- 
tremity.  There  may be,  however,  considerable  variation  in  mor- 
phology, the size and shape  of the cells depending largely ,on their 
position  in  the hanging drop : those  creeping :along the  cover-glass 
or upon the surface of the coagulum may be flat'tened and polygonal 
in outline, while those wandering through ~he clot are more compact, 
spindle-shaped,  triangular,  or  radiate  in  form,  and  possess  long 
processes. 1  Karyokinetic figures are occasionally seen.  The accu- 
mulation  of  fat  in  the  cells  proceeds slowly reaching a  maximum 
after five or six days. 
Although  the  sequence  of  changes  in  sarcoma  cultures  is  much 
the same as in cultures of blood vessel, the rate of their occurrence 
is  more  rapid.  There  is  practically  no  la,tent  period;  and  cells 
begin to migrate within a  few hours.  At  the end  of twenty-four 
hours  the  culture  has  often reached  the height .of  its  activity and 
numerous mitotic figures  are  seen  (figure  I).  By  the end  of the 
second  day many o.f  the  actively migrating cells  have  reached  the 
edge of ,the  drop .of  plasma.  The  cells  have  'become  loaded  with 
fat,  and growth may cease un,less  the tissue is transferred to  fresh 
culture media. 
It  is  thus  seen  that  in  primary  cultures  the  differences  in  the 
general .character of growth of sarcoma and  connective tissue  are 
such as might have been anticipated, being, apart from the morphol- 
1 Failure to recognize the influence of mechanical factors upon the morphology 
of  cells growing  in  cultures  may  easily  lead  to  erroneous  interpretations;  sev- 
eral  types  of  tissue  cells  may,  for  example,  be  described  in  a  preparation  in 
which  only  one kind  of  cell  is  growing.  This  source of  error  is  illustrated  by 
figure  1,3  in  a  recent paper by Lambert and  Hanes  (Lambert,  R.  A.,  and  Hanes, 
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ogy of the cells, chiefly in the rate and extent of growth and ameboid 
wandering. 
In  secondary  and  subsequent  cul,tures  differences  in  rate  of 
activity  are  likewise  noticeable,  but  the  relations  are  considerably 
altered.  Sarcoma  cells  grow  less  vigorously,  cell  wandering  and 
multiplication being less marked .than before.  In the case of mouse 
sarcoma  we  have  found  it  difficult  to  propagate  the  cells  through 
subcultures  for any length ,of time.  Connective tissue cells, on the 
contrary,  grow  more  vigorously  than  in  primary  cultures.  The 
cells begin to wander out almost  immediately.  Mitotic  figures  are 
often  extremely  numerous  (figure  2).  In  one  preparation  more 
than  a  hundred  cells  were  observed  undergoing  mitotic  division 
simultaneously.  Apparently  the  resting  connective  tissue  cells  of 
the  vessel  wall  have  become  transformed  within  a  few  days  into 
actively proliferating  fibroblasts,  similar  to what occurs during  the 
reparative process following a wound in the body.  It is conceivable 
that  the mechanism  of ,the  reaction  is the  same in both cases. 
That  secondary cultures  of connective tissue cells are more regu- 
larly successful, exhibit many more mitoses, and often show a more 
extensive  growth  fhan  secondary  cultures  of  sarcoma,  has  been 
shown conclusively in a  large number of experiments.  Several ex- 
planations  of this  fact,  each  of  which  upon  analysis  seems  inade- 
quate,  have sugges,ted themselves:  (i)  that  tumor cells are  in gen- 
eral  less  hardy  than  normal  cells  and  the  failure  to  thrive  under 
artificial  conditions  is  but  an  evidence  of  a  hypothetical  lowered 
vitality;  (2)  that  tumor  tissue  requires  a  larger  food  supply  than 
normal  connective  tissue  and  the  food  supply  in  tissue  cultures  is 
insufficient  for  the  continuous  active  growth  of  sarcoma  cells; 
(3)  that  some substance,  as,  for example,  the  internal  secretion of 
one  or  more  glands,  upon  which  the  continuous  multiplication  of 
tumor cells may depend,  is present  in  insufficient  amount  or is too 
irregularly  supplied  in  cultures. 
The  first  explanation,  which  postulates  a  low  resistance  to  in- 
juries  of  all  kinds  on  the  part  of  tumor  cells,  has  some  support. 
Ribbert  (2)  some years ago expressed this view, basing his opinion 
on  the  clinical  observation  of  the  effects  of  radium,  x-ray,  etc., 
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the adjacent normal tissues,  and he suggesCed that  the low vitality 
of  the  cells  was  caused by  a  poor circulation.  In a  recent paper 
(I)  we described experiments showing that  rat  sarcoma cells are 
less  resistant  to heat than are normal connective tissue  cells.  On 
the other hand, the vitality exhibited by the cells of ra,  t  and mouse 
tumors  under  different  conditions  of  transplantation  indicates  at 
least  a  rather  high  degree  of  resistance  to  mechanical  injuries. 
Furthermore, the greater resistance to  low temperatures of mouse 
tumor  cells,  as  compared  with  normal  body  cells,  can  hardly  be 
questioned. 
The second explanation involves the assumption that tumor tissue 
requires more food than an equal quantity of normal tissue.  Ex- 
perimental data on this point are meager ; such as we have, however, 
do not support ,the notion.  Cramer and Pringle  (3),  for example, 
have shown that in the case of a rat sarcoma less nitrogen is required 
to  build  up  a  certain amount of tumor than to  build  up  an equal 
~.eight o.f somatic tissue. 
Our knowledge at  present of the factors controlling the growth 
of normal tissues is so limited that the general idea contained in the 
third explanation, namely, that the unl'imited growth of tumor cells 
is  dependent upon some body secretion which is  insufficiently sup- 
plied in cultures, can hardly be discussed.  While there is a  general 
tendency to attribute to tumor cells an independence ,of body func- 
tion, such an independence has not been proven. 
It was mentioned in a  former paper that we had been able, by 
successive transfers, t.o propagate rat connective tissue cells in vitro 
for  more  than  three  months,  at  which  time  Che  cells  were  still 
multiplying actively.  No changes indicating degeneration from old 
age  were  observed.  While  this  experiment  covers  too  short  a 
period  to  be ,of  much  significance,  it  suggests  a  reference t.o  the 
point ,of  the  immortality,  so  called,  of  the  cancer  cell  which  the 
cancer transplantation experiments of the past twelve years tend to 
support.  The fa,ct  that  tumors arising in rats and mice have been 
propagated by successive transplantation to other hosts .over a period 
several times that  representing the life 'of the animal in which the 
tumor originated, has been emphasized.  It will be interesting to see 
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example)  for  a  period  exceeding  the  life ,of  an  individual of  that 
species.  It  may  thus  be  possible  to  determine  whether  or  not  the 
attribute  of  immortality  is  to  be  regarded  as  characteristic  of  the 
cancer cell. 
CELL DIVISION. 
The  presence  of  atypical  division  figures  in  the  cells  of  malig- 
nant new growths  has been noted by a  number  of observers  (Cornil, 
Klebs,  yon  Hansemann  (4),  Galeotti  (5),  Farmer,  Moore,  and 
Walker  (6),  Bas,h,  ford  and  Murray  (7),  and  others. 2  The  contri- 
butions  of  most  interest,  on  account  of  the  theoretical  importance 
attached Co the observations recorded,  are those of von  Hansemann, 
and  Farmer,  Moore,  and  Walker. 
yon  Hansemann  regarded  the  presence  of  atypical mitoses  in  tumors  as  an 
expression  of  a  change  in  biological character  that  occurs  when  normal  cells 
become  anaplastic,  or  undifferentiated.  It  is  the  anaplastic  cell,  he  maintains, 
which,  upon  receiving the proper stimulus, becomes the cancer  cell. 
Farmer,  Moore, and Walker, who  saw  in the abnormal mitoses in tumors  a 
striking resemblance to the type of division in reproductive tissue  (heterotypical 
mitosis), attached  another  significance to  the  phenomenon.  Their  theory is  as 
follows: The remote cause of cancer, which may be some  form of chronic irri- 
tation, induces in normal cells a  change in their mode of division which  results 
eventually in a  definite heterotypical karyokinesis.  Cells exhibiting this type of 
division possess the inherent power of unlimited growth.  The  mechanism, then, 
of  the  development of  cancer  cells, consists  essentially in  the  production  of  a 
change,  through  some  unknown  agency in  the  character of  division in  normal 
body cells.  This  theory invites attack  first  on  account  of  the  assumption  that 
reproductive cells possess a  power of unlimited infiltrative growth.  In support 
of this assumption they refer to the parasitic growth assumed by the cells of the 
embryo  sac  in  certain  flowering  plants,  von  Hansemann  has  criticized  this 
example on  the  ground  that  such  a  parasitic growth  bears  no  analogy to  the 
invasive growth  of malignant tumor cells in  the  body.  It  is  sufficient to  point 
out, as Bashford  says, that there is no evidence either in histological studies or 
in experimental work, such as transplantation of testis and ovary or ligation of 
the vas deferens, that the reproductive cells of vertebrates possess the properties 
postulated in this  theory. 
The question as to whether the mitoses in cancer are definitely heterotypical, 
as Farmer, Moore, and Walker maintain, will be taken up later. 
The  work  upon  which  we  shall  report  at  this  time  is  con'cerned 
with  a  study  of  mitosis  in  stained  and  fresh  cells  in  cultures  of 
~An  exhaustive  review  of the  subject with  a  complete bibliography is given 
by Wolff, J., Die Lehre von der Krebskrankheit von den  iiltesten Zeiten bis zur 
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sarcoma  and  connective  tissue.  The  method  used  permits  of  a 
more complete study  of  the  process  .of  cell  division  in  vertebrate 
tissues  than has  hitherto  been  possible,  since  observations  can  be 
made upon living growing cells (figure 6).  Through such observa- 
tions  serial pictures made from the same .cell can be obtained,  and 
the  time  required  f.or  division,  which,  as  we  shall  show,  differs 
markedly  in  normal  and  cancer  cells,  can  be  determined.  The 
method  also  permits  one to  fix  and  stain  a  mitotic  figure  in  any 
phase,  thus  making  it  possible  to  verify  observations  upon  the 
living structure  (figure 7).  For this reason alone fhe method will 
appeal to those interested in a finer study of normal and pathological 
mitoses  in  the  tissues  'of  higher  animals.  It  should  be  explained 
that  with  this  method  sections  of  the  tissue  and  media  are  not 
necessary, and the cells are usually well separated in the plasma and 
are often so  flattened against the cover-glass  or on fhe surface of 
the coagulum that a  determination of the number of .chromosomes 
is  no more difficult than in paraffin sections  (figure 3,  c). 
The  questions  investigated  have been  (I)  the  character of  the 
mitoses,  and  (2)  the  rate  of  division  in  sarcoma  and  connective 
tissue cells. 
CHARACTER  OF  TIlE  MITOSES. 
According to  von  Hansemann  (8)  and others,  atypical division 
figures  in  cancer cells  may be  .of  three  kinds:  (I)  asymmetrical 
mitoses; (2)  multipolar mitoses;and (3)  hyper-and'hypochromatic 
cells.  Asymmetrical mitoses were regarded by von Hansemann as 
of most significance; they were found only in carcinoma.  Distinct 
asymmetrical figures have not been found in .our sarcoma prepara- 
tions.  Multipolar  mitoses,  however,  were  not  infrequently  en- 
countered.  A  tripolar mitosis is shown in figure 5, b.  That multi- 
polar division of the nucleus may result in the formation of multi- 
nucleated cells, appears probable  from observatio.ns to which refer- 
ence will be made. 
Abnormal  pictures  suggesting  tetrapolar  mitoses  were  occa- 
sionally noted in  fresh .cells but upon fixing and  staining the cells 
it was seen tha4c a lagging o.f chromosomes was responsible  for the 
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figure  5,  a,  are  instances  o.f this.  The cell  in  figure 4,  b,  had been 
under  microscopical observation  in  the  warm box  for about  thirty 
minutes;  the  chromosomes were  distinctly  visible  in  the  equatorial 
plate  stage.  The mass of  chromosomes began  to break  up but  in- 
stead  of  a  division  into  two  equal  groups  with  segregation  at  the 
poles  of the  cell,  there  seemed to be  a  general  scattering.  After a 
few minutes  two irregular  clumps  could be  made out  siCuated  near 
the  poles;  the  remaining  chromatin  material  could  be  seen  with 
difficulty.  The  preparation  was  then  fixed  with  formalin  vapor 
and  stained  with  iron hematoxylin. 
Hyper- and hypochromatic mitoses were somewhat more common 
than mul¢ipolar figures  (figures  I  and 4,  a).  Hyperchromatic cells 
seemed  to be more numerous  than  cells  with  a  diminished  number 
of  chromosomes.  A  large  number  of  counts,  however,  was  not 
made, since a  study of this kind did not appear necessary in view of 
the  studies  of von Hansemann and  his  pupils,  and  the  recent  work 
of Bashford and Murray  (9)- 
Their  results  indicate, in  brief,  that  while  a  reduction  in  the  number  of 
chromosomes  is  often  observed  in  cancer  cells, the  reduction  is  not  an  exact 
halving;  furthermore,  the  chromosomes  are not of the  same character  as  those 
found in gametogenic cells.  An analysis of Farmer,  Moore, and Walker's papers 
shows that  according  to their  own  observations  only a  small percentage  of the 
mitoses in cancer are  definitely heterotypical.  This  fact in itself  should at  least 
lessen the  force  of their  conclusions. 
yon Hansemann  maintained  that  hypochromatic  cells were  developed in  two 
ways:  first, by  asymmetrical  division, and  secondly, by  a  casting  out  and 
degeneration  of chromosomes  during  division.  The latter  phenomenon we have 
observed  in unstained  cells.  In the  instances  noted, one  or more  chromosomes 
were  seen to  be  left behind  as  the  two  masses  of chromatin  separated  in  aria- 
phase.  The lost  chromosomes could be  followed long  enough  for the  observer 
to  be  convinced  that  they  did  not  enter  into  the  formation  of  the  daughter 
nuclei;  but  their  ultimate  fate  was  not  determined  with  certainty.  They  ap- 
peared to become dissolved in the cell cytoplasm. 
Amitotic  divisi.on  has  been  described  as  a  fairly  common occur- 
rence  in  tumor  cells  and  as  taking  place  not  infrequently  in  con- 
nective  tissue  cells.  It  seemed,  therefore,  of interest  to search  for 
evidences  of  the  process  in  living  cells.  The  ease  'with  which 
mitosis  may  be  studied  in  unstained  preparations  made  it  appear 
probable  that  stages  in  amitotic  division,  if  present,  might  also  be 
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undergoing division,  an example of amitosis has not been made out 
in living cells.  It is possible, of course, that the phenomenon might 
escape notice,  especially in  connective  tissue cells  where  the  nuclei 
are  sometimes  not  distinct  and  the  cell  outlines  not  well  defined. 
But  even  in  stained  preparations  convincing  figures  indicating  the 
formation of two cells following amitotic nuclear division were not 
found.  Dumb-beU  nuclei,  as  well  as  nuclei  presenting  knob-like 
prominences  partially or completely constricted off, 'were seen both 
in  tumor  and  connective  tissue  preparations  (figure  8).  Such  a 
breaking  up of  the  nucleus,  however,  seemed  to  result  not  in  the 
formation  of  new  cells  but  in  the  development  of  mukinucleated 
cells of moderately large size. 
We have made one observation which  shows that  cells with  two 
nuctei,  such  as  are  seen  not  uncommonly  in  culture  preparations, 
may be t'he  result :of mitotic  division  of the  nucleus  without  cyto- 
plasmic division.  In the instance  referred to, a cell under observa- 
tion  in  a  warm  chamber  exhibited  all  the  phases  of mitosis  up  to 
constriction  and  division  of  the  cytoplasm.  Within  half  an  hour 
long pseudopods had been thrown out.  At this  point the prepara- 
tion was fixed and stained and the fact established that two nuclei of 
normal  size and appearance  were present. 
The  question as  to why cancer cells divide in an abnormal manner has inter- 
ested  those  who  have  studied  the  phenomenon.  The  theories  of  von  Hanse- 
mann and of Farmer,  Moore,  and Walker are largely concerned with the answer 
to  this problem.  The  results of  some  experiments by HS.cker  (IO)  and  Galeotti 
(5)  are perhaps significant in this connection.  Galeotti describes atypical mitoses 
similar to those seen in cancer cells in the epidermis of the salamander produced 
through  the  action  of  quinine,  antipyrine,  and  other  agents.  HS.cker  obtained 
similar  results  by subjecting the  eggs  of  cyclops  to  ether.  The  suggestion  was 
made  that  in  mouse  cancer  at  least  the  atypical  mitoses  described  might  have 
been the result of  ether narcosis.  This idea was  readily  refuted by Bashford. 
Ribbert  (2),  looking  for  a  more  tangible  explanation,  suggested  that  malnu- 
trition occasioned by the poor circulation in tumors  might be responsible  for the 
abnormalities  in  division.  It  is  doubtful  if  the  present  studies  throw  any  light 
on  the  question.  With  Ribbert's  explanation  in  mind  it  may  be  suggested  that 
the conditions of  food  supply are  the same  for cultures  of  both kinds  of tissue, 
in  one  of  which  abnormal  mitoses  are  present,  in  the  other,  absent.  It  must 
be  remembered,  however,  that abnormalities  in  structure,  developed  during  the 
growth  of  cells in the body,  could  not be expected  to  disappear  in  a  succeeding 
generation  in  vitro,  even  though  the  causative  factor  might  conceivably  be 
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RATE  OF  DIVISION. 
As  indicated  above,  the  chromatin  material  is  clearly  visible  in 
the  cell  during  division.  The  earliest  changes  in  the  nucleus  are 
not always  easily made out, but with proper lighting and practice in 
making observations the process can be followed through all phases. 
We  pointed  out  previously  (I i)  that  under  constant  Conditions 
the time required  for connective tissue cells of the rat to divide  did 
not vary greatly.  For example, at body temperature  (380  C.)  they 
require, as a rule, twenty-five to forty-five minutes.  We  found that 
the  time  required  varied  with  the  temperature,  and  that  cells  of 
different species show somewhat  different  time  periods. 
In  the  case  of  sarcoma  cells,  however,  we  have  found  that  a 
marked  variation  in  the  division  rate  obtains,  even  among  cells  in 
the same preparation.  The time is rarely shorter than that required 
by connective tissue cells, but two to four hours may be occupied in 
the process.  Table I contains  records of observations  upon mitosis 
in ten sarcoma cells  and an equal number of connective  tissue cells. 
TABLE  I. 
Rat  Connective  Tissue  Cells. 
No.  of  I  Tempera-  Daysin 
animal.  I  ture, C.  vitro. 
1  34 °  15 
2  34 °  15 
3  34 °  78 
4  36 °  15 
5  36 °  4 
6  38 °  2o 
7  380  40 
8  380  20 
9  39 °  IO 
lO  39 °  IO 
Mitosis 
began. 
9.10 
9.20 
5.30 
8.35 
8.34 
3.45 
9.3o 
11.o3 
2.18 
2.1o 
Separation  of 
daughter 
chromosomes. 
9.35 
9.51 
6.1o 
9.07 
9.09 
4.07 
9-45 
II.2I 
2.41 
2.26 
Beginning  con- 
striction  of 
cytoplasm. 
9-38 
9.54 
6.12 
9.09 
9.II 
4.10 
9.47 
11.24 
2.44 
2.28 
9-45 
IO.OI 
6.20 
9.15 
9.I6 
4.13 
9.52 
II.29 
1  2.47 
2.31 
Time re- 
Division  quired in 
completed,  minutes. 
35 
40 
50 
40 
42 
28 
22 
26 
29 
2i 
Rat Sarcoma  Cells. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
35 ° 
'35 ° 
37 ° 
370 
37 ° 
380 
380 
380 
38 ° 
38 ° 
5 
3 
3 
4 
3 
3 
2 
2 
3 
8 
IO.OO 
9.I5 
9.20 
8.03 
3.15 
7.20 
9.45 
lO,2O 
lO.3O 
2.10 
I 
II.O0  11"03  I  II.I2 
10.34  10.36  I  IO.40 
9.42  9.45  I  9.55  , 
Complete  disintegration  at  IO:I5 
4.43  4.45  !  4.52 
7.38  7.4o  7.45 
IO.44  IO.47  lO.55 
lO.45  lO.49  11.o4 
Complete  disintegration  at  I2.3o 
2.25  !  2.27  2.34  i 
72 
85 
30 
97 
25 
70 
44 
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Occasionally a  cell is  seen in  which mitosis  appears  to progress 
normally to fhe formation .of the equatorial plate and then stops ; the 
nuclear  material  becomes  gradually  condensed  into  a  translucent 
mass,  and, after one to three hours rapid disintegration of the cell 
ensues.  This  phenomenon is  striking.  The  cell  suddenly bursts; 
a  number of small  rounded fragments constitute the debris.  The 
course  of  division  in  the  later  phases  in  sarcoma cells  is  usually 
the same as  in connective tissue cells; that is,  within  two or three 
minutes  after  the  separation  of  the  masses  of  daughter  chromo- 
s.omes, constriction of the cell body begins, division of the cytoplasm 
being completed in  five to  ten minutes.  Pseudopods  are  immedi- 
ately thrown out by the daughter cells,  which within  a  half  hour 
have become indistinguishable from the neighboring resting cells. 
CONCLUSIONS. 
I.  In  primary  cultures  sarcoma  cells  exhibit  a  much  greater 
activity than do normal connective tissue cells grown from the adult 
blood  vessel;  there is  a  shorter latent  period,  ameboid phenomena 
are more marked, and cell multiplication proceeds more rapidly. 
2.  In  secondary  cul,tures  sarcoma  cells  are  less  active  than  in 
primary cultures;connective tissue cells, on the other hand, show a 
markedly accelerated growth. 
3.  Connective tissue cells  are more easily propagated  over  long 
periods  in  vitro  than  are  sarcoma  cells;  they multiply  actively in 
cultures more than three months old. 
4.  The method of tissue cultivation is  well adapted to  the study 
of  normal  and  pathological  cell  division;  the  nuclear changes  are 
easily discernible in  the living cell as  division proceeds, and stain- 
ing  methods  may be  applied  to  verify  observations  upon  the  un- 
stained structures. 
5.  Atypical  mitoses  of  several  kinds  are  found  in  cultures  of 
sarcoma cells but are not seen in growths of connective tissue. 
6.  The  time  required  for  division  in  rat  connective tissue  cells 
kep.t at body temperature  (3 8o  C.)  varies within relatively narrow 
limits  (twenty to  fifty minutes);  sarcoma  cells,  on  the  contrary, 
exhibit marked variations and several hours may be required. Robert  A.  Lambert.  509 
7.  In  studies  upon  living  ceils  amitotic  division  has  not  been 
observed  in  either  normal  or  tumor  tissue.  Evidences  of  nuclear 
budding,  however,  with  the  formation  of  cells  containing several 
nuclei of irregular size have been noted.  3  The development of a  cell 
with two  nuclei from a  mononuclear cell by mitotic division of  the 
nucleus without division of the cytoplasm has also been observed. 
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EXPLANATION OF  PLATES. 
PLATE  98  . 
FIG.  I.  A  field in a  three day culture of mouse sarcoma.  In the upper part 
of  the  picture cells  are  seen wandering along the  cover-glass in an  area  from 
which fibrin has retracted.  In the lower part cells  are seen moving through the 
fibrin meshwork.  Seven mitoses are visible; one, on the left. is  a  large hyper- 
chromatic cell. 
FIG. 2.  An area containing a  tongue-shaped group  of  cells  in a  fifteen day 
secondary culture of rat blood vessel.  The four dividing cells  represent several 
phases of karyokinesis :  (a) prophase;  (b) metaphase, with complete withdrawal 
of  pseudopods;  (c)  telephase,  showing segregation of  daughter  chromosomes, 
constriction  of  cytoplasm,  and  beginning extrusion  of  pseudopods;  (d)  two 
daughter  cells  immediately  after  division,  showing  compact,  deeply  staining 
nuclei. 
8Cells  of  the  type  here  referred  to  are  not  to  be  confused  with  the  large 
multinucleated giant cells  formed about foreign bodies or on the cover-glass in 
cultures of  chick  or  rat  spleen,  the  mechanism of  the  formation of  which  was 
discussed in a  former paper  (Lambert, R. A., Your.  Exper. Med.,  1912  , xv, 5IO). 510  Cancer  Cells  and Normal  Cells. 
PLATE  99. 
FIG. 3.  Three mitoses  from a  four day preparation of rat  sarcoma,  showing 
no  abnormality  in  structure;  (a)  a  cell with  the  spindle  peripherally  situated; 
(b)  normal  mitosis;  (c)  a  cell flattened  on  the  cover-glass;  the  chromosomes 
are  well  separated. 
Fic. 4.  Three mitoses  from a  three day culture of rat sarcoma;  (a)  a  large 
hyperchromatic  cell;  (b)  mitosis  with  lagging  chromosomes;  (c)  mitosis  in  a 
cell containing a  large vacuole. 
FIo.  5.  Three  cells  from  a  five  day  growth  of  rat  sarcoma;  (a)  bipolar 
mitosis with lagging chromosomes.  This cell when  fresh had the appearance of 
a  tetrapolar  mitosis;  (b)  tripolar  mitosis;  (c)  a  cell  containing  three  newly 
formed nuclei, the result apparently of a tripolar mitosis without division of the 
cell cytoplasm. 
PLATE  IO0. 
Fro.  6.  Four  drawings  at  fifteen minute  intervals of a  rat  connective tissue 
cell undergoing division, and a  resting cell  (x)  for comparison.  (a)  Prophase; 
(b)  metaphase;  (c)  telephase;  (d)  daughter cells fifteen minutes after division. 
In  the  living cell the  chromosomes  are  visible in  the  cytoplasm  on  account  of 
their  slightly greater  refractivity.  They are  represented  here  in  dark  color  for 
the sake of clearness.  The small white spaces  in the ceils are  fat droplets. 
FIG. 7.  (a)  Young connective tissue cells fixed and stained five minutes after 
division;  (b)  connective tissue cells fixed and  stained  thirty minutes  after  divi- 
sion;  (x)  resting cell for comparison. 
FIG.  8.  (a)  Budding  nuclei  in  sarcoma  cells;  (b)  the  same  in  connective 
tissue cells. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVII.  PLATE  98. 
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(Lambert :  Cancer Cells and Normal Cells.) THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVII.  PLATE  99. 
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FIG.  5. 
(Lambert:  Cancer Cells  and Normal Cells.) THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVII.  PLATE  100. 
FIG.  6. 
FIG.  7. 
FIG.  8. 
(Lambert :  Cancer Cells and Normal Cells ) 